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Work Summary for the year 2013-2014 

Suvadeep Bose 

v Analyses activities: 
 
q Search for Lepton Flavour Violating Decays of the Higgs Boson, HIG-14-005: 
 
I have been working on first direct search for Lepton Flavor Violating Decays of the recently discovered 
Higgs Boson using 19.6 fb-1 of √s = 8 TeV data taken in 2012 in the h-> τµ channel. This is a study of a class 
of nonstandard interactions of the 125 GeV Higgs-like resonance that are especially interesting probes of 
new physics: flavor violating Higgs couplings to leptons and quarks. Such decays to leptons can be sizable 
with, e.g., h-> τµ and h-> τe branching ratios of O(10%) perfectly allowed by low energy constraints. We are 
currently covering both h-> τµe and h-> τµhad sub channel in three different jet categories. I am solely 
responsible for production of the signal Monte Carlo for this exotic channel. The sensitivity of the search is 
an order of magnitude better than the existing indirect limits. A slight excess of signal events with a 
significance of 2.5σ (p-value=0.007) is observed. Interpreted as a limit this results in a constraint of  
Br(h->τµ) < 1.57%. The best fit branching fraction is Br(h->τµ) = 0.89%. The limits are subsequently used 
to constrain Yµτ Yukawa couplings. These limits will be the most stringent limits on such couplings. I am 
implementing the SVFit mechanism of mass reconstruction that promises to have better sensitivity than the 
collinear mass approximation technique that is currently used for the current analysis. The analysis will be 
recast with these new improvements in the next iterations when we are also going to integrate h-> τe channel 
to the analysis. 
 
Status of analysis: Analysis in h-> τµ channel is approved, results likely to be shown in ICHEP 2014. Paper 
after integrating h-> τe channel with improved mass reconstruction techniques likely to come end of the year. 
 
q Searches for quark contact interactions and extra spatial dimensions with dijet angular distributions in 

proton proton collisions at √s=8 TeV, EXO-12-050: 
 

I am involved in the search for quark compositeness using dijet angular distributions with a data sample 
corresponding to an integrated luminosity of 19.7 fb-1, recorded by the CMS experiment at the LHC. The 
dijet angular distributions are found to be in agreement with the predictions of perturbative QCD, which for 
the first time include electroweak corrections. Limits on the contact interaction scale from a variety of 
models at next-to-leading order in QCD corrections are obtained. The benchmark model, in which only left-
handed quarks participate, is excluded up to a scale of Λ + = 9.0 TeV (Λ - = 11.7 TeV) for destructive 
(constructive) interference at 95% confidence level. Lower limits between 6.0 and 8.4 TeV on the scale of 
virtual graviton exchange are extracted for different models of large extra dimensions. 
 
Status of analysis: Analysis completed. Ready to go to CWR. 
 
q Description and Performance of the CMS Track and Primary Vertex Reconstrution, TRK-11-001: 
 
The precise and efficient determination of charged particle momenta and primary vertex position are crucial 
for many physics measurements of CMS. These impact the ability to reconstruct leptons, charged hadrons, 
jets, and photon conversions and provide an important tool to separate the interesting hard interactions from 
the huge background. The Pixel detector of CMS provides high resolution, three-dimensional space points 
allowing for precise pattern recognition. With three pixel hits per charged particle, using only the pixel data 
tracks can be reconstructed and primary vertices can be found. Such pixel-only track reconstruction is useful 
for track seeding, primary vertex finding and in a variety of High Level Trigger (HLT) algorithms. I am one 
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of the key contributors in understanding the tracking and vertexing performance of the CMS pixel detector. 
The tracking performance studies done so far are documented in a public analysis summary and I am co-
editor of the Beam spot and primary vertex section of the article.  

Status: Submitted to arXiv. Referee comment received. Work under way. 

v Hardware activities: 
 
q Module Testing towards FPix upgrade: 
 
During the Run 1 of LHC, the CMS FPIX was constituted of a basic detector module called plaquette. It was 
a multilayer structure assembled in many steps. It consisted of a sensor, readout chips (ROC), and a flex 
circuit glued to a thin silicon plate. The plaquettes were the smallest components for which fully automated 
tests were performed prior to their assembly into larger units (panel, blades and finally disks). For the 
upgraded FPIX, the plaquettes will be replaced with a single 2 x 8 design. The number of FPIX pixels will 
increase from 18 million to 44 million covering larger surface area. A total of 672 pixel detector modules 
will be assembled onto 12 half disks that will then be installed onto 4 half cylinders. Each half disk is 
separated into an outer assembly with 34 pixel modules and an inner assembly with 22 modules. The 
assembly of the half disks and half cylinders starts with the reception of the assembled modules from 
assembly sites at Purdue University and University of Nebraska. The final step in testing and assembly 
(before it is transported to CERN) will occur at Fermilab’s Silicon Detector Facility (SIDET). At Fermilab 
the modules will first undergo a visual inspection to check for broken wire bonds between the HDI, the 
readout chips and the sensors, followed by a full calibration of the sensors (I-V curve) and of the readout 
chip at both room temperature and at the operating temperature of -20 C. 
 
The module test stand require the development of a suite of programs that in addition to reading out the data 
from the PSI test boards also have an interface with the low voltage and high voltage power supply, with the 
thermometers and eventually with the controller of the X-ray sources. The European groups have already 
developed an entire software framework for performing these tests, based on a program called PXAR for the 
interaction with the test boards. I am among the first to extensively exercise the PXAR software at Fermilab 
and this expertise will be crucial at a later stage in guiding the graduate students from various US institutions 
who will come to Fermilab to participate in testing this module in the next year. While we will use the PXAR 
system for production testing, I would like to contribute to its further development to make it more 
interactive. The initial inspection for mechanical integrity is underway with the support of Fermilab 
technician. Currently we are inspecting the HDI chips which eventually will make their way to an assembled 
module. We are awaiting modules produced at Nebraska and Purdue for testing through the official PXAR 
suite.   
 
Timeline: Batches of HDI are getting tested, first mass production of module are in pipeline.  
 
 
 
 
 
 
 
 
 
 
 

(contd to next page) 
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v Work as a member of Analysis Review Committee (ARC): 
 

1. Search for heavy neutrinos and WR bosons with right-handed couplings in a left-right symmetric 
model in pp collisions at √s = 8 TeV (EXO-13-008) 

2. Search for pair production of second-generation scalar leptoquarks in pp collisions at √s = 8 TeV 
with the CMS Detector (EXO-12-042) 

3. Double parton scattering in 4j and 2b2j events at 7 TeV (FSQ-12-013)  
 

v Internal Reader in CMS: 

• Search for Jet Extinction in inclusive jet pT spectrum at 7 TeV (EXO-11-068) 
• Search for Dijet Resonances” (EXO-12-059) 

 
 
v Talks at conferences: (Since June, 2013): 
 
Plenary Talk at International Symposium on Multiparticle Dynamics (ISMD) 2013: “Hadronic final states in 
high-pT QCD with the CMS detector”, September, 2013 

 


